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Research Motivation 

Monitoring at multi-contaminant sites is expensive and incomplete. 

•  What should you monitor at landfills? 

•  How to describe overall extent of contamination? 

•  Geo-spatial interpolation is not possible. 



Motivation for the research 

Idea: Use microbial information to develop a more systematic, and 
effective method for characterizing and monitoring aquifers with 
multiple contaminants.  

Monitoring at multi-contaminant sites is expensive and incomplete. 

•  What should you monitor at landfills? 

•  How to describe overall extent of contamination? 

•  Geo-spatial interpolation is not possible. 
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The genome of G. uraniireducens 
http://gib.genes.nig.ac.jp/img/crcl/Gura_RF4/ 
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Röling, W.F.M., van Breukelen, B.M., Braster, B.M., Lin, B., Verseveld, 
H.W. (2001). Applied & Env. Microb. 67(10), 4619-4629.  
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Low Medium High M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 M21 M22 

Spec. Cond., µS/cm 2 < 1000 1000-5000 > 5000 L L L L L L L L L L M L L L M M M M M H H H 

NH3 
3 <1 1-100 >100 L L L L L L L L L L L M M M M L M M M H H H 

Alkalinity as CaCO3 2 < 500 500-1200 > 1200 L L L L L L L L L L M M L L M M M M M H H H 

ORP, mV 3 > 50 +50 to -50 <- 50 L M L M L H M M M L L L M H M M M M H M H M 

Fe 3 < 10 4 > 10 L L L L L L L L L L L H H H H H H H L H H L 

Total Phenols 2 <= 0.005 4 > 0.005 L L L L L L L L L L L L L H H L L L L H H H 

BOD 2 <= 2 4 2 - 20 >= 20 L L L L L L L L L L L M M H M H M H M H H H 

COD 2 < 10 10 - 100 > 100 L L L L L L M M L M L M M M M M M M M H H H 

Mouser et al. [2010] Classification 
B B B B B B B B B B B F F F F F F F F C C C 

2 ‐ Indicates a significant difference was observed between B and F, C locaQons (p < 0.05 Tukey‐Kramer test for mulQple comparisons among means) 

3 ‐ Indicates a significant difference was observed between B,F and C locaQons (p < 0.05 Tukey‐Kramer test for mulQple comparisons among means) 

4 ‐ DetecQon limit 

 How does one groundwater characterize contamination at    
 landfills?
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Objective: 
To cluster groundwater samples with similar microbial 
community profiles to compliment traditional 
hydrochemical analyses for the purpose of delineating 
spatial zones of groundwater contamination.
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Few methods exist for incorporating 

these data at the field scale (due, in part, to the high

dimensionality and complex relationships with physiochemical parameters).




The Self-Organizing Map (SOM) is a  
Clustering Artificial Neural Network


Why Clustering ?


• SOM architecture has  
  a cognitive basis and is ideal 
  for exploratory data analysis


• Do not need to know the # of groups or group attributes 
 prior to analysis


• Few, if any statistical assumptions
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How many clusters are optimal?  


    Depends on your research question?


    Many methods exist for comparing groupings (most rely on some ratio of the  
 
between : within group variability
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How many clusters are optimal?  


    Depends on your research question?


    Many methods exist for comparing groupings (most rely on some ratio of the  
 
between : within group variability


Found a nonparametric MANOVA – 

 Accepts groups with different numbers of members (unbalanced designs)


 Can use any distance metric


 Can have more variables than samples 


 p based on permutation


 Method not available in commercial statistical packages


Anderson, M. (2001), A new method for non-parametric multivariate analysis of variance, Austral Ecology, 26(1), 32-46. 


McArdle, B., and M. Anderson (2001), Fitting Multivariate Models to Community Data: A Comment on Distance-Based 
Redundancy Analysis, Ecology, 82(1), 290-297.




M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 M21 M22 
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pe
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Hierarchical 
2 4.58 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 

3 5.26 1 1 1 1 1 1 1 1 1 1 1 3 3 3 2 3 3 3 2 2 2 2 

4 5.62 1 1 1 1 1 4 4 1 1 1 4 3 3 3 2 3 3 3 2 2 2 2 

K-Means 
2 5.15 1 1 2 1 2 2 2 1 2 1 2 1 1 1 2 1 1 1 2 2 2 2 

3 5.861 3 3 1 3 1 1 1 3 1 3 1 3 3 3 2 3 3 3 2 2 2 2 

4 5.57 1 1 1 1 1 4 4 1 4 1 4 3 3 3 2 3 3 3 2 2 2 2 

SOM 
2 4.73 2 2 1 2 1 1 1 2 1 2 1 2 2 2 2 2 2 2 2 2 2 2 

3 5.861 3 3 1 3 1 1 1 3 1 3 1 3 3 3 2 3 3 3 2 2 2 2 

4 5.60 1 1 1 1 1 4 1 1 1 1 4 3 3 3 2 3 3 3 2 2 2 2 

Weighted 
SOM 

2 8.08 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 

3 10.47 1 1 1 1 1 1 1 1 1 1 1 3 3 3 2 3 3 3 2 2 2 2 

4 9.85 1 1 1 1 1 4 4 1 4 1 4 3 3 3 2 3 3 3 2 2 2 2 

1 ‐ F above 95% confidence limit among comparable samples 
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Quickbird image from L. Morrissey


•  1 Sampling location


•   2007, 2008, 2009


•   Multiple depths (5)


•   Physical, Chemical and   
    Biological Measurements


•   Concurrent sediment analyses


Missisquoi Bay 
 Sampling Platform 
 Long-Term Monitoring Sites    
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Input Variables: 

1.  ln DN:SRP 
2.  Temp, deg C 
3.  DO, mg/L 
4.  Conductivity, µS 
5.  Fluorescence, mg/m3 
6.  Irradiance, W/m2 
7.  Turbidity, FTU 
8.  Green Algae,  ln cells/mL 
9.  Diatoms, ln cells/mL 
10. Depth to Dissolved Mn, mm 

Cluster lake samples based only on phytoplankton 
cell counts, sediment, and water chemistry.






    Microbial biodiversity in freshwater environments present a unique  
      opportunity for improving characterization and monitoring at sites with 
      multiple data types. 

    These new nonparametric methods may be used to describe the 
      spatiotemporal changes associated with microbial community dynamics 

    These microbial community profiles in combination with the appropriate

      computational tools provide substantial value to the physiochemical 
      information traditionally monitored at contaminated water environments




Background on Cyanobacteria in Lake Champlain


    Cyanobacteria have always been a part of the phytoplankton 

community, but recently started dominating in the summer months in 

several places in the lake. 


    Microcystis, Anabaena, & Aphanizomenon are the most abundant in 

Lake Champlain


    Cyanobacteria favor nutrient rich water


    Suggestions of a minimum threshold of N:P that favors cyanobacteria 

 
N:P < 29 by weight


    Some Cyanobacteria fix N, Microcystis does not


    Microcystis can migrate vertically and possibly uptake ammonium 

from sediment-water interface.


Smith, V. (1983), Low Nitrogen to Phosphorus Ratios Favor Dominance by 
Blue-Green Algae in Lake Phytoplankton, Science, 221, 669-671.  


